Introduction
In Poland, the use of antibiotic growth stimulators was banned on 1 January 2006 due to increasing levels of microbial resistance to drugs [1, 2] and the immunosuppressive activity of selected antibiotics [3] . The above increased the demand for natural alternatives that maximize profitability and efficiency in the poultry industry. One of the most promising alternatives is phytoncides, metabolites of vascular plants characterized by antiprotozoal, antiviral, bactericidal, fungicidal and fungistatic activity [4] [5] [6] [7] [8] [9] [10] . Those compounds are commonly used in other poultry supplements on account of their remaining properties, such as immunomodulatory activity. This is an important consideration because the health status of birds and production profitability are largely determined by the immune function which is responsible for vaccine-induced immunity. Effective treatment is always accompanied by the immune system functioning that contributes to the elimination of pathogens and their toxic metabolites, stimulate healing and prevent re-infection. In birds, the immune function can be compromised by infectious [11] [12] [13] and non-infectious agents [3, [14] [15] [16] . Many pathogens have a predilection for the host's immunocompetent cells and structures, they impair the maturation of lymphocytes, macrophages and granulocytes, the metabolism and function of immunocompetent cells by blocking cytokine receptors, inhibiting interferon production or decreasing the expression of MHC molecules on the surface of infected cells [17] [18] [19] .
Mucosa-associated lymphoid tissue (MALT) is strongly involved in the immune function in birds. In gastrointestinal mucosa, MALT is represented by the immune structures of the lamina propria and intestinal submucosa that make up gut-associated lymphoid tissue (GALT) [20] . Numerous studies [21] [22] [23] [24] [25] have demonstrated that enterocytes in intestinal crypts and villi also play an important role in the immune response of the gastrointestinal tract by cooperating with lymphocytes. The development of those GALT structures can be influenced by the type of feed and feed additives [20] . The complex structure of GALT and its contribution to the immune system of the gastrointestinal tract as well as systemic immunity prompted this study into the effects of orally administered phytoncides on the immune function in chickens and turkeys.
The aim of our study was to investigate the influence of the adiSalmo SOL PF dietary supplement on selected parameters of humoral and cell-mediated immunity in chicken and turkey broilers.
Material and methods

Dietary supplement
The adiSalmo SOL PF (AdiFeed ® Sp. z o.o.) dietary supplement for birds contains sensory additives -herbal extracts (35.55%), benzoic acid (0.55%), anise essential oil (0.55%), methyl salicylate (0.5%), cinnamon essential oil (0.3%), eugenol (isoeugenol) (0.4%), thymol (0.4%), eucalyptus essential oil (0.3%), garlic essential oil/garlic oleoresin (0.3%), tea tree oil (0.27%), mustard essential oil (0.22%) and valeric acid (0.15%), as well as glycerin and sodium sulfate up to 100%.
Birds, experimental groups and handling procedures
Experiment I
Turkeys. The experiment was conducted on twenty 5-week-old Hybrid Converter turkeys which were randomly divided into two groups of 10 birds each. Group 1 was the control, while group 2 birds were administered adiSalmo SOL PF for 3 days in drinking water at a final dose of 1 ml per liter of water.
Chickens. The experiment was conducted on twenty 4-week-old Ross broiler chickens which were randomly divided into two groups of 10 birds each. Group 1 was the control, while group 2 birds were administered adiSalmo-SOL PF for 3 days in drinking water at a final dose of 1 ml per liter of water.
Experiment II
Experiment II was conducted on 69 Ross broiler chickens which were randomly divided into three groups (1, 2 and 3) of 23 birds each. Beginning at the age of 25 days, group 1 birds were given adiSalmo SOL PF for 3 days in drinking water at a final dose of 1 ml per liter of water. All birds from groups 1, 2 and 3 were vaccinated against infectious bronchitis (IB) at 28 days of age. After vaccination, group 2 birds were administered adiSalmo SOL PF for 3 days in drinking water at a final dose of 1 ml per liter of water. Group 3 birds did not receive adiSalmo SOL PF at any time of the experiment.
Both turkeys and chickens were housed in isolated units in a PCL3 biosafety facility. Water and feed were provided ad libitum. The experimental procedures and animal handling procedures were approved by the Local Ethics Committee for Animal Experiments in Olsztyn, Poland.
Vaccine and vaccination
In experiment II, chickens from groups 1-3 were vaccinated against IBV with Cevac ® BRON120L (series 0810A1SKH, expiration date 04/2014) at 28 days of age. The vaccine was administered in drinking water in accordance with the manufacturer's instructions.
Sample collection
In Experiment I, blood samples were collected from the wing vein of group 1 and 2 chickens and turkeys into sterile tubes containing the EDTA K anticoagulant for flow cytometry analysis, 10 hours after the administration of the adiSalmo SOL PF supplement. Birds from each group (n = 7) were euthanized, and tissue samples were collected from the bursa of Fabricius (BF), thymus, spleen, cecal tonsils (CTs) and 10 cm of the terminal ileum. The samples were used to isolate mononuclear cells and determine the percentages of CD4 
Serological analysis
Total serum concentrations of anti-IBV IgY (IgG) were determined with the use of a commercial immunoenzymatic ELISA kit (IDEXX Laboratories, USA) according to the manufacturer's recommendations. The ELISA assay was performed using the Eppendorf epMotion 5075 LH automated pipetting system, the BioTek ELx405 washer and the BioTek ELx800 absorbance microplate reader.
Isolation of mononuclear cells and flow cytometry
Peripheral blood mononuclear cells (PBMC) were isolated according to a previously described procedure [12, 23] . The collected tissue samples were homogenized individually in 1 ml of the RPMI-1640 medium (Sigma-Aldrich, Germany) with 5% FCS and centrifuged in an automated tissue homogenizer (TissueLyser II, Qiagen, Germany). The homogenates were passed through a sterile 70 μm mesh cell strainer (BD Falcon, USA). Tissue residues were discarded, and the isolated cells were washed with the RPMI-1640 medium supplemented with 5% FCS and centrifuged at 450 × g for 10 min. Mononuclear cells were isolated by Percoll density gradient centrifugation (900 × g, 22°C, 20 min, breaks off). The Percoll medium was prepared by 40% and 60% dilution of isotonic Percoll stock solution in Hank's balanced salt solution (Sigma-Aldrich, Germany). After centrifugation, the mononuclear cell layer was carefully transferred to sterile test tubes and washed twice with PBS containing 5% FCS. Cell pellets were resuspended in 1 ml of PBS. The cells were counted, and their viability was evaluated with the Vi-Cell XR Cell Viability Analyzer (Beckman Coulter, USA).
Flow cytometry. 1 × 10 6 of viable mononuclear cells isolated from peripheral blood and organ tissue samples were transferred to test tubes and stained with FITC-conjugated Mouse Anti-Chicken CD4 (1 : 10, MCA2164F, IgG2b, clone 2-35, Serotec, UK) and PE-conjugated Mouse Anti-Chicken CD8a (1 : 5, MCA2166PE, IgG1, clone 11-39, Serotec, UK) or FITC-conjugated Goat AntiChicken IgM (AAI27F, polyclonal IgG, Serotec, UK). After 30 min of incubation (on ice and in the dark), the cells were washed twice in 3 ml of PBS and analyzed by flow cytometry in the FACSCanto II cytometer (BD Biosciences, USA). Data were acquired with the use of FACSDiva version 6.1.3 software (BD Biosciences, USA) and analyzed in the FlowJo V10 application (Tree Star Inc., Stanford, CA, USA). The cytometer setup and tracking beads (CST, BD Biosciences, USA) were used to initialize PMT settings. Unstained and single-stained control cells for each fluorochrome were prepared and used for flow cytometry compensation.
Statistical analysis
The results were processed by the Mann-Whitney U test for independent samples in Statistica PL V10. Differences were considered statistically significant at p ≤ 0.1 and highly significant at p ≤ 0.01.
Results
The percentages of CD4 + , CD8 + and CD4 + CD8 + T lymphocytes and IgM + B lymphocytes in the bursa of Fabricius, thymus, cecal tonsils, ileum, spleen and blood of broiler chickens and turkeys from control groups and experimental groups administered adiSalmo SOL PF for 3 days in drinking water at a final dose of 1 ml per liter of water are given in Tables 1 and 2 .
In Experiment I, a significant increase in the percentages of CD4 + T lymphocytes in the bursa of Fabricius, cecal tonsils and the spleen, CD8 + T lymphocytes in the thymus and in the spleen, and CD4 + CD8 + T lymphocytes in the bursa of Fabricius and ileal mucosa was observed in group 2 chickens in comparison with control chickens (Table 1 ). An increase in IgM + B lymphocytes in the ileal mucosa was also noted in group 2 birds (Table 1) . In Experiment I, a significant increase in the percentages of CD4 + T lymphocytes in the thymus and the spleen, CD8
+ T lymphocytes in the cecal tonsils and the blood, and CD4 + CD8 + T lymphocytes in the thymus and ileal mucosa was also recorded in group 2 turkeys (Table 2) in comparison with control turkeys. No significant differences in IgM + B lymphocyte percentages were observed between turkey groups in Experiment I ( Table 2) .
The results of a serological analysis investigating the development of humoral immunity in birds vaccinated against IB in Experiment II are presented in Table 3 . The highest post-vaccination titers of anti-IB antibodies were observed in group 2 (Table 3) , but the noted differences were not statistically significant. The lowest vaccine-induced antibody titers were recorded in the group that did not receive adiSalmo SOL PF (group 3).
Discussion
Phytoncide supplements are widely used in poultry production on account of their alleged immunomodulato- ry effects, but there is a general scarcity of research confirming their immunomodulatory activity. In view of the above, the aim of this study was to investigate the effect of phytoncides contained in the adiSalmo SOL PF dietary supplement on selected parameters of cell-mediated immunity in broiler chickens and turkeys and on the development of vaccine-induced humoral immunity in broiler chickens vaccinated against IB.
The analyzed supplement was administered in drinking water, and it could have influenced lymphatic structures in gut-associated lymphoid tissue [20] . GALT consists of lymphoid cells, which are found in the epithelial lining and are distributed in the underlying lamina propria, as well as specialized lymphoid structures such as Meckel's diverticulum, Peyer's patches and cecal tonsils [20] . Those organized lymphoid structures facilitate cooperation between immunocompetent cells and induction of the mucosal immune response. In the intestinal mucosa, the above structures are functionally related to the bone marrow and the spleen [20, 26, 27] , which indicates that the general immune response could be induced locally in GALT. Previous studies [23] have shown that dietary levels of whole grain wheat in feed affect the humoral immune response in turkeys vaccinated against ND and TRT and influence the cell-mediated immune response determined based on the percentages of selected T-cell subpopulations in the blood, ileal mucosa and CTs.
The results of our experiments indicate that phytoncides found in the adiSalmo SOL PF supplement, which were administered to birds for 3 days in drinking water at a final dose of 1 ml per liter of water, significantly influenced the counts of CD4 + , CD8 + and CD4 + CD8 + T lymphocytes and IgM + B cells in the immune structures of the bursa of Fabricius, thymus, cecal tonsils, ileal mucosa, spleen and blood of broiler chickens and turkeys. A significant increase in CD4 + T cell and IgM + B cell counts indicates that adiSalmo SOL PF promotes the initiation and regulation of immunological response. The analyzed lymphocytes produce and secrete IL-4, IL-13 and IL-3, which are growth and differentiation promoters for B lymphocytes, thus enhancing humoral immunity during infections with extracellular pathogens [20, 28] . Despite the absence of significant differences, similar results were noted in our studies investigating the levels of vaccine-induced anti-IB antibodies which were higher in chickens given adiSalmo-SOL PF (before or after vaccination) than in birds that did not receive the supplement at any time of the experiment. CD8 + and CD4 + CD8 + T cell subpopulations are responsible for numerous immune functions, inter alia they are known to eliminate cancer cells and cells infected with viruses and other microorganisms, and inhibit the replication of viruses by producing and secreting various cytokines, including IFN-γ [20, 28] . In our study, percentages of those cells increased in the immunological structures and blood of chickens and turkeys receiving the adiSalmo SOL PF supplement thus indicating that the analyzed supplement stimulates the immune system to perform its physiological functions. Additionally, Martinez et al. [7] demonstrated that essential oils, in particular oregano, cinnamon, melaleuca, clove, rosemary and eucalyptus essential oils, inhibit the proliferation of e. coli, salmonella spp. and staphylococcus aureus in culture media.
The results of our study indicate that adiSalmo SOL PF, administered to birds for 3 days in drinking water at a final dose of 1 ml per liter of drinking water, shows immunomodulatory activity in both chickens and turkeys.
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